Abstract. In Finland, the breeding of small fruits has been focused on species belonging to the Ribes, Fragaria, Rubus, Vaccinium and Hippophae genera.
Introduction
The small fruits that do well under Finnish conditions constitute a fairly heterogeneous whole, which includes both domestic wild species and species imported from abroad. Rarely do they as such meet the requirements of different spheres of interests, and even though they may be well enough suited for cultivation, it is now possible to improve many characteristics by means of breeding methods.
Plant breeding must be regarded as a fundamentally important division of horticultural research. Along with the research into cultivation techniques, plant breeding holds a key position in ensuring development in the field of horticulture. In the horticultural sector, active breeding work has been done in Finland on top fruits, small fruits and ornamentals, among which it is more difficult to find varieties developed abroad that are suitable for cultivation here than, for example, among vegetable annuals. Since its founding in 1927, the programme of the Agricultural Research
Centre's Department of Horticulture has included, among other things, trials with small fruits and has centred its breeding operations particularly on this group of plants, paying special attention to the conditions prevailing in the Nordic countries. The breeding of small fruits done by others in Finland has remained limited and sporadic.
At the Department of Horticulture there was a period of ten years when no actual plant breeding was done. However, already during its first few years of operation, the department acquired numerous varieties of various small fruit species, the thriving potential of which was then monitored. These preliminary observations laid the foundations on which the necessary variety trials still rest today. On the basis of these, over the years the Department of Horticulture has been able to recommend numerous varieties for actual cultivation.
Knowledge of the foreign variety material is essential for planning and implementing breeding operations on the national and local levels.
The first true breeding trials with small fruits were carried out at the Department of Horticulture in 1939 and 1940 . It was the first time raspberry was crossed with the arctic bramble, producing a tetraploid blackcurrant.
This was the beginning of the breeding of the nectar raspberry and the blackcurrant. In addition to these, important subjects for breeding have been the strawberry, the raspberry, the arctic bramble, the highbush blueberry and the sea-buckthorn.
On the methods of breeding work
At the Department of Horticulture we have applied to small fruits the methods found to be generally useful in plant breeding; classic plant breeding, interspecific breeding, heterosis breeding, polyploidy breeding and mutation breeding.
The oldest form of conscious plant breeding, the classic plant breeding, is based on the variation caused by the natural intraspecific variability found in the plant material. On adapting wild small fruit species to cultivation, strains with advantageous characteristics have been chosen for clone tests. On the other hand, with small fruits under cultivation, with x-rays, the aim being to produce favourthrough intraspecific crossings and selection, we have tried to develop individuals combining the desired characteristics.
Interspecific breeding with small fruits has been employed to produce new hybrid species suitable for cultivation. In the purest sense this means crossing parental forms that are genetically different to such an extent that disturbances are found in the meiotic divisions of the crosses, and these disturbances often cause at least partial sterility of the crosses. Then again, due to the ambiguity of the concept of species, some plants classified as different species can cross with each other just as easily as intraspecific forms do. Here interspecific breeding does not differ essentially from classic breeding. If the fertility of the interspecific crosses is low, it may in some cases be improved by producing an regeneration.
Even if the F,-generation created as a result of interspecific breeding is completely sterile, the third breeding method, polyploidy breeding, may prove helpful. With the allotetraploid forms induced by colchicine treatment, the balancing of the chromosomes can restore fertility. On the other hand, with small fruits it has been possible to produce also autotetraploid forms, the development of which has not, however, led to significant practical applications.
As a result of the cross-breeding between varieties as well as between species, a certain objective may be attained in a relatively short time, with small fruits in as little as ten years. The objective is, however, attained with greater probability by using the methods offered by heterosis breeding, i.e. repeated self-pollinations with selected individuals and combination crossing between the pure lines thus obtained. The desired end result with perennial small fruits is then several decades away, however.
Mutation breeding is used to increase the variability of the plants by inducing artificial changes. To achieve this goal, a programme has been set up with certain small fruits, in which seeds, cuttings or seedlings are treated able gene or chromosome mutations.
On the objectives of breeding work
Definitions of the objectives of breeding work should take into account the requirements of the growers, the sellers, the processing industry and consumers already at a stage when species and varieties are chosen for breeding and when breeding programmes are being planned. Important issues from the grower's point of view are climatic and pedologic suitability, the yield and quality of the crop, as well as its resistance to disease and pests. In recent years, especially the mechanization of harvesting, has also made new demands of the breeders, demands which are often difficult to fulfil. The sellers of the produce, on the other hand, are concerned about how well the product stands up to transport and keeps in storage. The processing industry has its own specialized requirements, which are often focused on matters arising from chemical composition. Important aspects as far as berries are concerned include a certain acid and aroma content, a high vitamin C content, as well as a certain colour and colour fastness. (Meurman 1947 , Säkö 1973 ). The 'Brödtorp' variety, which comes from somewhere in the archipelago of Finland proper or the Aland islands, was until the 1970 s the most commonly grown variety in Finland. It is well known for its delicious berries, but also for its creeping growth and susceptibility to gooseberry mildew ( Sphaerotheca mors-uvae (Schw.) Berk.), for which reason it has been ousted by other varieties, especially the Swedish local variety 'Öjebyn'. Of the varieties mentioned above, the 'Melalahti', originating at Paltamo in the Kajaani region, has, with its upright growth and mildew resistance, become increasingly important to blackcurrant cultivation in northern Finland.
As to the gooseberry, R.grossularia L., the conscious breeding started in the beginning of this century (Mhurman 1947 Pohjanheimo, the growing point of the young seedling was treated with one drop of an aqueous solution of 1 % colchicine 3-5 times for a few days. The surviving plants showed a clear colchicine effect. Some of them proved to be tetraploid. All the species of the Ribes genus were previously invariably diploid, 2n= 16 (Meurman 1928) . This being the case, producing a tetraploid blackcurrant can be considered a most significant achievement.
The morphologically new autotetraploid blackcurrant differed greatly from the diploid plant (Vaarama 1947) . The increase that had occurred in the size, breadth and thickness of the different plant parts deserve particular mention. The fertility, on the other hand, showed a marked decrease which was clearly due to meiotic disturbances. In addition to quadrivalents, univalents, bivalents and trivalents and even higher chromosome associations were also found. The meiotic disturbances of the autotetraploid blackcurrant were also reflected in the progeny generations as aneuploidy (Vaarama 1949 (Vaarama b, 1953 ).
There were individuals that lacked either one chromosome or had one or two more than normally, 2n = 32. This caused disturbances in the somatic divisions, e.g. abnormalities in the formation of the nuclear spindle (Vaarama 1948 (Vaarama a, 1949 . The effect of colchicine appeared as permanent changes, in part even in those individuals that had remained diploid (Vaarama 1949 a Duch., which was generated under cultivation.
Subsequently, the cultivated strawberry has been the subject of much active breeding work, and it has become one of the most important cultivated berry plants in the world. Over the decades the cultivation value of over one hundred strawberry varieties bred abroad has been worked out through the services of the Department of Horticulture.
However, only a few of these are being culti- Based on the evaluation of cross progenies of the strawberry, the Department of Horticulture has so far picked up a total of 9,500 seedlings whose culture value has been tested in a number of trials. One of these selections was released for cultivation in 1984 under the variety name 'Hiku' (Hiirsalmi and Säkö 1985) . It originates from the crossing 'Senga Sengana' x 'Redgauntlet'. This new variety of cultivated strawberry has proved to possess valuable characteristics: it is a very good cropper and the berries are large and of good quality. Its open growth habit promotes resistance to grey mould and powdery mildew. 'Hiku' is classified in Finland as a late variety, and thereby it is not suited for cultivation in the northern part of the country. is especially suited for domestic growth. Rubus L. The objective of the interspecific breeding of the raspberry, R.idaeus L., and the arctic bramble, R.arcticus L., initiated in 1939 at the Department of Horticulture, has been to develop a berry plant combining the aroma of the arctic bramble, particularly well suited for use by the liqueur and juice industry, with the advantageous cultivation qualities of the raspberry. The first crossing trials with a raspberry variety, the origin of which remains unknown, produced four seeds, one of which germinated. The smallest possible F r generation thus created has since been vegetatively propagated time and again.
In order to produce several F,-cross individuals, work towards this end has been done nearly every year. As a result, one seedling was produced both in 1973 and in 1977. In both instances the pistillate plant was a natural strain of the arctic bramble, Tervaranta, which comes from Maaninka in Savo, and the pollinator was a Canadian raspberry variety, 'Ottawa'.
As to most of the external characteristics, e.g. growth habit, colour of the flowers and appearance of the leaves, all the cross clones are intermediate forms of the raspberry and the arctic bramble. This is also true of the aroma of the berries. Unfortunately, however, they are almost sterile, even though the sterility seems to be due to only minor meiotic disturbances (Vaarama 1948 (Vaarama b, 1951 (Hiirsalmi and Säkö 1976, 1981) . They resemble the raspberry in terms of vegetative and cultivation characteristics. Studies on aromatic substances have shown that the berries of both varieties have approximately the same amount of the favourable aromatic substances typical of the arctic bramble (Hiirsalmi et al. 1974 , Pyysalo 1976 . They contain very little of the unfavourable aromatic substances of the raspberry, ionones. 'Heisa' is a better variety than 'Heija' in terms of growth habit, winter hardiness as well as cropping and berry size. It yields a crop size nearly as large as 'Ottawa', which is the most widely grown raspberry variety in Finland. The obstacle to more widespread cultivation of the raspberry in Finland is the fact that the varieties developed abroad are very poorly suited to Nordic climatic conditions. They suffer winter damage for many years; sometimes the damage is so serious that there is no crop at all. Comparative field cultivation trials carried out by the Department of Horticulture have made it eminently clear that the wild raspberry strains collected in Finland are better in terms of winter hardiness that the cultivated varieties. The wild raspberries, however, are not suitable as such for actual cultivation since, among other things, their berries are small and the crop level remains low. By crossing natural raspberry strains that combine advantageous characteristics with the best cultivated varieties it has been possible to transfer these valuable characteristics above all winter hardiness to the latter. The selection chosen from the crossing between the 'Ottawa' variety and a natural raspberry strain originating at Hautjärvi, Mäntsälä, has been definitely more winterhardy than the others. It has produced a satisfactory crop, and its berries have been found to be aromatic though rather small. This selection was put on the market under the name 'Ville' in the spring 1988.
As (Ryynänen 1973) . This species has proved to be self-sterile; in order to fruit it, the arctic bramble should be in a mixed population of two more clones (Tammisola and Ryynä-nen 1970) . With a view to field cultivation of the arctic bramble, two clones generated from natural strains were simultaneously released for sale in 1972; they were given the variety names 'Mesma' and 'Mespi' (Ryynänen 1972 (Larsson 1969 b, Hiirsalmi and Säkö 1980 . The Alaska bramble, which must be considered a subspecies, R.arcticus L. subsp. stellatus (Sm.) Boiv., forms a higher growth structure than the arctic bramble. Its berries are larger and firmer than those of the arctic bramble, but they do not have the aroma typical of the arctic bramble.
In 1986, two arctic bramble hybrid selections were released for cultivation under the variety names 'Aura' and 'Astra' (Hiirsalmi et al. 1987 a) . They were chosen from among the progeny raised from free-pollination seeds of the Alaska bramble, which were sent to the Department of Horticulture in 1968 by the Öjebyn experimental station in Sweden. The pollinator was some natural strain of the arctic bramble that grew in the same trial field as the self-sterile Alaska bramble clone. The plant that came out of the crossing has been given the name R.arcticus L. subsp. x stellarcticus by G. Larsson (Larsson 1980 a North European species, the bog blueberry, V.uliginosum L., with the same tetraploid chromosome number (2n = 48) as the highbush blueberry, has been successfully crossed with the latter (Rousi 1963 , Hiirsalmi 1977 ).
The F,-cross progenies of the bog blueberry and the highbush blueberry obviously have disadvantageous gene combinations that are typical of a cross between two widely separated species, combinations which in due course will cause disturbances. They are manifested as a lessened vigour, followed by a decrease in winterhardiness and yield. Consequently, we have not been albe to find a single individual in the F,-cross progenies that would be of use in actual berry growing. The course of action aimed at utilizing the genes of the bog blueberry in the breeding of the highbush blueberry has been continued by carrying out successful back-crossings with highbush blueberry varieties. Then the unfavourable gene combinations have at least partly been broken up, and a number of rather promising individuals have been produced. Of these the selection found to be the most winterhardy was released for cultivation in spring 1982 under the variety name 'Aron' (Hiirsalmi and Lehmushovi 1982) .
The highbush blueberry variety 'Aron' was chosen in 1965 from among the progeny of the back-cross 'Rancocas' x (bog blueberry x 'Rancocas') produced at the Department of Horticulture. As to vegetative characteristics, it is closer to the highbush blueberry than to the bog blueberry. The bush reaches a height of about 1 m. The winter hardiness and resistance to blueberry cancer of this variety are clearly better than those of the foreign varieties. The vigorous bushes produce a satisfactory crop at least under the climatic conditions of southern Finland; the calculated yield has come to about 30 kg/100 m J a year. The berries are medium-sized, 100-130 g/100 berries, and they are of good quality, sweet and aromatic. They are suitable for use fresh and for freezing.
The domestic blueberry, the bilberry, V.myrtillus L., and the lingonberry, V.vitisidaea L., have also been tried for breeding purposes. Tetraploid individuals of the bilberry have been produced by means of colchicine treatment (Rousi 1966 b) . Their use has not, however, brought about any result. The bilberry and the lingonberry cross produces a viable, though only poorly fertile, cross species V. x intermedium Ruthe (Lehmushovi and Hiirsalmi 1976) . Its meiosis is heavily disturbed (Rousi 1967 however, seriously damaged during the severe-aim of the breeding of the sea-buckthorn done ly cold winter of [1986] [1987] . The Finnish at the Department of Horticulture is to unnatural strains and the crosses made by the lize the advantageous characteristics of the Department of Horticulture, on the other varieties from the Soviet Union.
hand, for the most part escaped damage. The 
